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Advances in the taxonomy of Erythrobacteraceae
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(Key Laboratory of Marine Ecosystem and Biogeochemistry, Second Institute of Oceanography, SOA, Hangzhou,
Zhejiang 310012, China)

Abstract: Erythrobacteraceae belongs to the domain Bacteria, phylum Proteobacteria, class
Alphaproteobacteria order Sphingomonadales. It was proposed in 2005 and included 3 genera, for a total of
5 species based on phylogenetic analysis of 16S rRNA genes. As of October 2015, the family
Erythrobacteraceae includes 44 species with validly published names in 6 genera. Members of the family
Erythrobacteraceae are widely distributed in soil, hot springs, sea water or sediments environments as well
as other ecosystems. They have great potentials in pollution bioremediation, food engineering and biological
pharmacy. In addition, some members of the Erythrobacteraceae contain bacteriochlorophyll o and are
classified as aerobic anoxygenic phototrophic bacteria, which play an important role in carbon cycling and
energy metabolism in marine environments and have gradually become a research hotspot. This paper
reviews the progress in the study of their taxonomic characteristics, ecological diversity, fundamental
research for application of the family, and also illuminates future research directions.
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(Erythrobacteraceae) 11997 Emi. sibiricum  Emi. ursincola
(Bacteria) (Proteobacteria) a- Sandaracinobacter Erythromonas (8]
(Alphaproteobacteria) ‘Emi. ezovicum’ ‘Emi. hydrolyticum’
(Sphingomonadales) 2005 16S rRNA
a [9-10]

(Altererythrobacter Aba.) 2007
(Aerobic anoxygenic phototrophic bacteria [

AAPB) a

Eba. luteolus
(dba. luteolus)

(Croceicoccus  Cco.) 2009 [12]
[1-2]

1 FAFER RIS (Qipengyuania Qpy.) 2015

(Sphi J ) 16S rRNA
ingomonadaceae
phing (Ervihrob ) 96.4%
throbacter
Y 2015 10 6
(Erythrobacter Eba.) 1982
44 (D
3] (Citromicrobium)
Eba. longus 20 [14]
70
a
a
(-4 (Prophyrobacter Pba.) 2 FRATERHR Y 4 R
1993 Pba. neustonensis"’ 21 FERBSEYHE
Pba. neustonensis  Eba. longus
[5] 17
(Erythromicrobium Emi.) 1992 Eba. longus
‘Emi. sibiricum’  ‘Emi. ursincola’
‘Emi. ezovicum’  ‘Emi. hydrolyticum®  *Emi. ramosum’ 3
5 61 1994 Emi. ramosum a Eba. longus Eba. litoralis
Eba. marinus DNA G+C 58.2—67.7 mol%
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Table 1 Currently recognized genera and species classified in the family Erythrobacteraceae

/ 16S rRNA
Genus and Species Type strain 16S rRNA gene accession number Source and Site Reference

Genus Erythrobacter
Eba. longus OCh101" AF465835 Shiba 198214
Eba. litoralis T4" AF465836 Yurkov 199417
Eba. citreus RE35F/1" AF118020 Denner 2002
Eba. flavus SW-46" AF500004 Yoon  2003M"¢
Eba. aquimaris SW-110" AY461441 Yoon 20047
Eba. vulgaris 022-2-10" AY706935 Ivanova  2005!%
Eba. gaetbuli Sw-161" AY562220 Yoon 2005
Eba. seohaensis SW-135" AY562219 Yoon  2005!%
Eba. gangjinensis K7-2" EU428782 Lee 20102
Eba. nanhaisediminis ~ T30" F1654473 Xu 20102
Eba. pelagi UST081027-248" HQ203045 Wu 20121
Eba. marinus HWDM-33" HQ117934 Jung 20127
Eba. odishensis JA747" HE680094 Subhash 201324
Eba. jejuensis CNU001" DQ453142 Yoon 20132
Eba. lutimaris S-5" KJ870094 Jung 20142
Eba. atlanticus s21-N3" KP994305 Zhuang 201517
Eba. luteus KA37" KP197673 Lei 2015

Genus

Altererythrobacter
Aba. epoxidivorans JCS350" DQ304436 Kwon 20071
Aba. luteolus SW-109" AY 739662 Kwon  2007™"
Aba. indicus MSSRF26" DQ399262 Kumar  2008™!
Aba. marinus H32" EU726272 Lai  2009°"
Aba. marensis MSW-14" FM177586 Seo 20108
Aba. dongtanensis CCTCC AB 209199" GU166344 Fan 201154
Aba. ishigakiensis JPCCMB0017" AB363004 Matsumoto 20115
Aba. namhicola KYW48" FJ935793 Park 20115
Aba. aestuarii KYW147" FJ997597 Park 20115
Aba. xinjiangensis $3-63" HM028673 Xue 20128
Aba. troitsensis JCM 17037 AY676115 I;:f;igkmkaya
Aba. gangjinensis KJ7" JE751048 Jeong  2013F7
Aba. atlanticus CGMCC 1.124117 KC018454 Wu 20148
Aba. xiamenensis LY02" KC520828 Lei 20145
Aba. aestiaquae HDW-31" KJ658262 Jung  2014™
Aba. oceanensis Y2! KF924606 Yang 201441

Genus Croceicoccus
Cco. marinus E4A9" EF623998 Xu 20092
Cco. naphthovorans PQ-2" KF145127 Huang 20152

C )
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C )
Genus
Erythromicrobium
Emi. ramosum E5" AF465837 Yurkov 1994
Genus Porphyrobacter
Pba. neustonensis ACM 2844" AB033327 Fuerst 1993
Pba. tepidarius oT3" AB033328 Hanada 19971
Pba. sanguineus A91" AB021493 Hiraishi ~ 2002M4
Pba. cryptus ALC-2" AF465834 Rainey 2003
Pba. donghaensis SW-1327 AY559428 Yoon  2004M¢
Pba. dokdonensis DSW-74" DQO011529 Yoon  2006“”
Pba. colymbi TPW-24" AB702992 Furuhata 201348
Genus Qipengyuania
Opy. sediminis M1" KJ734993 Feng 20151
16 Aba.
epoxidivorans a
15-35°C
a DNA G+C 2.2 WEHEFE
54.5-67.2 mol%
7 Pba. 10 (Q10) Aba. indicus 9 (Q9)*
neustonensis
Cig1-07c¢ Eba. pelagi Eba.
a DNA G+C 63.8—66.8 mol% luteus  Aba. oceanensis  Pba. dokdonensis 4
2 Cco. Ciz1-w6c  Cig-w7c
marinus a
DNA G+C Ci7.1-w6c  Cyg.-w7c
61.7-64.5 mol%
Emi.
ramosum (PC) (PG) (PE)
(DPG) (SGL)
a DNA (AL) (PL)
G+C 64 mol% PC PG
Opy. PE (  E. gangjinensis
sediminis PG  E.lutimaris PE)
DNA G+C 73.7 mol% DPG SGL AL PL
PE PG DPG SGL
PC AL PL
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(GL) (COGK) / / (COGL)
Pba. cryptus PE Pba. sanguineus (COG U)
SGL
PC PE PG SGL N-
DPG PE PG SGL PC
(PGL) TCA
ED EM
Eba. longus DSM6997"
2.3 EERBERHE Eba. litoralis DSM8509" Eba. marinus KCTC23554"
2015 10 10 Pba. cryptus DSM12079" a
5 4
2 (PGC)(  2)
(Cluster of orthologous 4 a
groups of proteins COGQG) 10 bch
COG (D puf puh
(COG ©) crt
(COG E) 4
(COGR COGYS) (COGE) CO,
(COG G) (
Cco. naphthovorans PQ-2" )

x2 FITERREMERAEZREL 2015 £ 10 A)

Table 2 Properties of the genomes of members of the family Erythrobacteraceae (up to 2015.10)

G+C
. . . Genome  G+C content Genes RNA RNA
Species Strain Accession number length (Mb) (mol%) oumber tRNA  {RNA Chromosomes  Scaffolds

Aba. 26DY36" CP011452.2, 3.48 61.9 3270 6 47 2 2
atlanticus CP011453.2
Aba. CGMCC CP012669.1 2.79 61.5 2 819 3 43 1 1
epoxidivorans 177317
Aba. marensis KCTC 223707 CP011805.1 2.89 64.7 2721 3 45 1 1
Cco. PQ-2" CP011770.1, 3.86 62.6 3 840 3 46 3 3
naphthovorans CPO11771.1,

CP011772.1
Eba. atlanticus  s21-N3" CP011310.1 3.01 58.2 2921 3 45 1 1
Eba. litoralis  DSM 8509"  JMIX00000000.1 3.21 65.2 3057 3 45 = 22
Eba. longus ~ DSM 6997 IMIW00000000.1 3.60 57.4 3318 3 42 = 14
Eba. marinus  KCTC 23554" LDCP00000000.1 2.84 59.1 2 701 3 43 = 5
Eba. K7-2" LBHC00000000.1 2.72 62.7 2 648 3 43 - 8
gangjinensis
Pba. cryptus  DSM 12079"  AUHC00000000.1 2.95 67.8 2 838 3 44 = 34
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400 Altererythrobacter atlanticus 26DY 36"
u Altererythrobacter epoxidivorans CGMCC1.7731"
350 L = Altererythrobacter marensis KCTC22370"
= Croceicoccus naphthovorans PQle
= Erythrobacter atlanticus s21-N3
= Erythrobacter litoralis DSM8509"
= Erythrobacter longus DSM6997"
= Erythrobacter marinus KCTC23554"
Erythrobacter gangjinensis K7-2"
= Porphyrobacter cryptus DSM12079"

N W
[ (=3
(=] (=}
T T

Number of genes
[3
(=]
=)

150 -
100 f
50 r
0
A B CDEZF GH 1T J KULMNU OZP QRS TUV W Z
COG categories
El1 COG £ 5% LKA
Figure 1 Comparison of COG categories among ten Erythrobacteraceae strains
A RNA B C D E
F G H 1 J
K L M N o
P Q R S T
U \Y W Z

Note: A: RNA processing and modification; B: Chromatin structure and dynamics; C: Energy production and conversion; D: Cell cycle
control, cell division, chromosome partitioning; E: Amino acid transport and metabolism; F: Nucleotide transport and metabolism; G:
Carbohydrate transport and metabolism; H: Coenzyme transport and metabolism; I: Lipid transport and metabolism; J: Translation,
ribosomal structure and biogenesis; K: Transcription; L: Replication, recombination and repair; M: Cell wall, membrane, envelope
biogenesis; N: Cell motility; O: Posttranslational modification, protein turnover, chaperones; P: Inorganic transport and metabolism; Q:
Secondary metabolites biosynthesis, transport and catabolism; R: General function prediction only; S: Function unknown; T: Signal transduction
mechanisms; U: Intracellular trafficking, secretion and vesicular transport; V: Defense mechanisms; W: Extracellular structures; Z: Cytoskeleton.

Erythrobacter longus DSM6997"

Porphyrobacter cryptus DSM12079"
—E (O oM e O —

B2 st OEEREEHS
Figure 2 Photosynthetic gene cluster structure and arrangement
a

Note: Green: bch gene; Red: puf gene; Pink: puh gene; Orange: crt gene; Grey: Regulators genes and other related genes; White:
Hypothetical protein.

Aba. atlanticus 26DY36" Cd*" (0.5 mmol/L)
Aba. atlanticus 26DY36" 32
Mn?" (200 mmol/L) Co*" (2.0 mmol/L) Cu*
(1 mmol/L) Zn*" (1 mmol/L) Hg*" (0.1 mmol/L) 3 RND CDF
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P  ATPase [49] (GQ505272)
Aba. epoxidivorans CGMCC 1.7731"
(JQ429465) (GQ484916)
22 (DQ884358)
(50] (HQ588835) (EF150743)
3 RAFER Y A (GQ246725) (AM236300)
(FR772128) (AY788979)
3.1 AR ERA 5 BN (IN547328) (EF685171) (EF177679)
[4,7] [15-17,46] [5,44] [43,45] [‘Slj]ba. meromictius’
2015 10

(FN397674)
(AF142455)

3.3 FRFER AAPB AR EKELSF
FHE

Aba. indicus

Aba. xinjiangensis 3

(Eba. longus Eba. litoralis  Eba. marinus)

( 79.5%) AAPB
AAPB a
[52]
3.2 WAV EIMNE S M
AAPB
AAPB
[53-55]
[56]
(FN395246) (IN594622)
(DQ486511) (JN244985)
(EF177676) (HQ652571) e
GenBank (FN397680) 581 AAPB
(FR772131) (GQ476825) AAPB
(JN848799) AAPB
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(1 (
) (Prestige oil spill)
[59]
Eba. longus  Eba.
citreus [50]
[61) Oxy6
[62]
[63]
2)
STI-364661 B Jongus
(o4l 1436
35%
3)
SNB-035
[67-68]
4 Eba. litoralis
HTCC25%4
1 Eba. sp. JCS358 Aba. epoxidivorans
JCS350"
[10,70]

5 HITERMED SRR HEHE
51 HZEa) R FAMERR
16S rRNA

@) (All-Species Living
Tree)!”"2
Cco. marinus Aba. xinjiangensis Aba.
dongtanensis Aba. troitsensis  Qpy. sediminis
Aba. aestuarii

Aba. atlanticus

@

Aba. namhicola

Eba. litoralis  Eba. jejuensis

3 G

Pba. dokdonensis  Pba. donghaensis

4
(
) Pba. colymbi
6]
2007
16S rRNA
3 Aba. xinjiangensis

Aba.troitsensis  Aba. dongtanensis
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89 r— Porphyrobacter colymbi TPW-24" (AB702992) @
Location: Porphyrobacter donghaensis SW-132" (AY559428) A
A Off shore or Ocean Porphyrobacter tepidarius DSM10594" (AB033328) @
A Deep Sea 68 Porphyrobacter neustonensis DSM9434" (AB033327) @ Ervthrobacter!
Porphyrobacter sanguineus 1IAM12620" (AB021493) @ Porphyrobacter
A Terresrial plants or animals L Erythromicrobium ramosum DSM85107 (AF465837) @ Group
@ Land water environments Porphyrobacter cryptus ALC-2" (AF465834) @
@ Soils or desert sands Porphyrobacter dokdonensis DSW-74" (DQ011529) A
st e s Erythrobacter litoralis DSM8509" (JIMIX01000006) A
Erythrobacter gaetbuli SW-161" (AY562220) A
Erythrobacter pelagi UST081027-248" (HQ203045) A
Erythrobacter lutimaris S-5" (KJ870094) A
Erythrobacter citreus RE35F/1" (AF118020) A
Erythrobacter seohaensis SW-135" (AY562219) A Erythrobacter

81

Erythrobacter flavus SW-46" (AF500004) A Group
Erythrobacter vulgaris 022_2-10" (AY706935) A
Erythrobacter longus DSM6997" (JMIW01000006) A
Erythrobacter aquimaris SW-110" (AY461441) A

64— Erythrobacter nanhaisediminis T30" (F1654473) A
Erythrobacter odishensis JAT47" (HE680094)

91 Erythrobacter gangjinensis K7-2" (EU428782) A
85 Erythrobacter luteus KA37' (KP197673) A Group 1

65 rErythrobacter marinus HWDM-33" (HQ117934) A
99 — Erythrobacter atlanticuss 21-N3" (KP994305) A

Qipengyuania sediminis M1" (K1734993) @

— Qipengyuania

: Altererythrobacter aestuarii KYW147" (F1997597) A Group

———————— Altererythrobacter atlanticus 26DY36" (KC018454) A
_|j Altererythrobacter marensis MSW-14" (FM177586) A

Altererythrobacter namhicola KYW48' (F1935793) A

Altererythrobacter marinus H32" (EU726272) A

%6 8§‘j Altererythrobacter gangjinensis KI7" (JE751048) A . —

Altererythrobacter aestiaquae HDW-31" (KJ658262) A Group
Altererythrobacter luteolus SW-109" (AY739662) A

9

9

Altererythrobacter indicus MSSRF26" (DQ399262) @
Altererythrobacter epoxidivorans JCS350" (DQ304436) A
Altererythrobacter xiamenensis LY 02" (KC520828) A
Altererythrobacter ishigakiensis JPJCCMBO0017" (AB363004) A
:Altererythrobacter oceanensis Y2' (KF924606) A
Erythrobacter jejuensis CNU001™ (DQ453142) A
Altererythrobacter xinjiangensis S3-63" (HM028673) @

_E Altererythrobacter dongtanensis IM27" (GU166344) A Group 2

Altererythrobacter troitsensis KMM6042" (AY676115) A

_‘: Croceicoccus marinus E4AA9" (EF623998) A ‘ Croceicoccus

Croceicoccus naphthovorans PQ-2" (KF145127) A Group

0.01

Caulobacter vibrioides CB51" (AJ009957) @

B3 £T 16S rRNA EEFIHMEMFTEREEMRRELER
Figure 3 Phylogenetic tree of the family Erythrobacteraceae based on the 16S rRNA gene sequence
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